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PURPOSE AND SCOPE
OPERATIONAL REQUIREMENTS
General Requirements

General Performance

Information Transfer Requirements

The ADS-B system shall (R2.4) be capable of transmitting messages and issuing reports
containing the information specified in the following subsections. This MASPS does not
specify a particular message structure or encoding technique. The information specified
in the following subparagraphs can be sent in one or more messages in order to meet the
report update requirements specified in Section 3.

Time of Applicability (TOA)

The time of applicability (TOA) of ADS-B reports indicates the time at which the
reported values were valid. Time of applicability shall (R2.3) be provided in al reports.
Requirements on the accuracy of the time of applicability are addressed in Section 3.

Identification

The basic identification information to be conveyed by ADS-B shall (R2.5) include the
following elements:

Call Sign (82.1.2.2.1)

Participant Address (82.1.2.2.2.1) and Address Qualifier (82.1.2.2.2.2)

ADS-B Emitter Category (§2.1.2.2.3)
The ADS-B system shall (R2.6) accommodate a means to ensure anonymity whenever
pilots elect to operate under flight rules permitting an anonymous mode.
Call Sign

ADS-B shall (R2.7) be able to convey an aircraft call sign of up to 8 alphanumeric
characters in length [6]. For aircraft/vehicles not receiving ATS services and military
aircraft the call signisnot required.

Note: The call sign is reported in the Mode-Satus (MS) report (83.4.4 and §83.4.4.4
below).
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Participant Addressand Address Qualifier

The ADS-B system design shall (R2.8) include a means (e.g., an address) to (a), correlate
all ADS-B messages transmitted from the A/V and (b), differentiate it from other A/Vs
in the operational domain.

Those aircraft requesting ATC services may be required in some jurisdictions to use the
same 24 bit address for all CNS systems. Aircraft with Mode-S transponders using an
ICAO 24 bhit address shall (R2.9) use the same 24 bit address for ADSB. All
aircraft/vehicle addresses shall (R2.10) be unique within the applicable operational
domain(s).

The ADSB system design shall (R2.6) accommodate a means to ensure anonymity
whenever pilots elect to operate under flight rules permitting an anonymous mode.

Notes

1. Someflight operations do not require one to fully disclose either the A/V call sign or
address. Thisfeatureis provided to encourage voluntary equipage and operation of
ADS B by ensuring that ADS-B messages will not be traceable to an aircraft if the
operator requires anonymity.

2. Mode A transponder codes are not included in the ADS-B message set. Therefore,
ground-based surveillance systems may need to correlate ADSB messages with
Mode A transponder codes to facilitate the integration of radar and ADSB
information on the same A/V.

Participant Address

The Participant Address field shall (R2.xx) be included in al ADS-B reports. This 24-
bit field contains either the ICAO 24-bit address assigned to the particular aircraft about
which the report is concerned, or another kind of address, as determined by the Address
Qualifier field.

Address Qualifier

The Address Qualifier field shall (R2.xx) be included in all ADS-B reports. This field
consists of one or more bits and describes whether or not the Address field contains the
24-bit ICAO address of a particular aircraft, or another kind of address.

Notes:

1. The particular encoding used for the Address Qualifier is not specified in this
MASPS, but is left for specification in lower level documents, such as the MOPS for
a particular ADSB data link. Experience in developing the MOPS for several
proposed ADS-B data links suggests that 4 bits is sufficient for the Address Qualifier
field.

2. Surface vehicles for a given airport need to have unique addresses only within range
of the airport; vehicle addresses may be reused at other airports.
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3. A participant’s address and address qualifier are included as parts of all reports
about that participant.

ADS-B Emitter Category

An ADSB participant’s “emitter category” is conveyed in the Mode-Status report
(83.4.4 and §3.4.4.5). The emitter category describes the type of A/V or other AD-B
participant. The ADS-B system shall (R2.11) provide for at least the following emitter
categories:

Light (ICAO) - 7,000 kg (15,500 Ibs) or less

Small aircraft — 7,000 kg to 34,000 kg (15,500 Ibs to 75,000 Ibs)
Large aircraft — 34,000 kg to 136,000 kg (75,000 Ibs to 300,00 Ibs)
High vortex large (aircraft such as B-757)

Heavy aircraft (ICAO) - 136,000 kg (300,000 |bs) or more

Highly maneuverable ( > 5g acceleration capability) and high speed (> 400 knots
Cruise)

Rotorcraft

Glider/Sailplane

Lighter-than-air

Unmanned Aerial vehicle
Space/Trans-atmospheric vehicle
Ultralight / Hang glider / Paraglider
Parachutist/Skydiver

Surface Vehicle - emergency vehicle
Surface Vehicle - service vehicle
Point obstacle (includes tethered balloons)
Cluster obstacle

Line obstacle

Notes:

1. ICAO Medium aircraft — 7,000 to 136,000 kg (15,500 to 300,000 lbs) can be
represented as either small or large aircraft as defined above.

2. Obstacles can be either fixed or movable. Movable obstacles would require a
position source.

3. Weights given for determining participant categories are maximum gross weights,
not operating weights.
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4. The following category code assignments should be considered for aircraft
operating in the United States national air space (NAS).

Light : Less than 7,000 kg (15,500 Ib)
Small: 3 15,500 and < 41,000 1b
Large: 3 41,000 Ib and < 255,000 |b and not in “ High Vortex

Large” category
High Vortex Large: Certain other aircraft, including B-757
Heavy: 3 255,000 1b

2123 AN Length and Width Codes

The A/V length and width codes describe the amount of space that an aircraft or ground
vehicle occupies and are components of the Mode-Status report (83.4.4, 83.4.4.6). The
aircraft length and width codes are not required to be transmitted by all ADSB
participants all of the time. However, they are required to be transmitted by aircraft
above a certain size, at least while those aircraft are in the airport surface movement
area.

2124 Position

Position information shall (R2.14) be transmitted in a form that can be trandated,
without loss of accuracy and integrity, to latitude, longitude, geometric height, and
barometric pressure atitude. The position report elements may be further categorized as
geometric position and barometric altitude.

The geometric position report elements are horizontal position (latitude and
longitude), and geometric height. All geometric position elements shall (R2.15) be
referenced to the WGS-84 ellipsoid.

Barometric pressure altitude shall (R2.18) be reported referenced to standard
temperature and pressure.

2.1.25 ADS-B Position Reference Point

The ADS-B position reference point is the position on an A/V that is broadcast in ADS-
B messages as the nominal position of that A/V. For aircraft and ground vehicles, this
position is normally the center of the smallest rectangle that contains all the extremities
of A/V and is oriented paralel to the longitudinal axis of the A/V. Figure 2.1.2.5
illustrates the location of the ADS-B reference point.

If the length code part of an aircraft’s size code (Table 3.4.4.6 in §83.4.4.6 below) is 1 or
greater and its NACp code (82.1.2.13 above) is 10 or greater, then the horizontal position
sent by that aircraft’s ADS-B transmitting subsystem shall (R2.xx) be the position of the
ADS-B position reference point.
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Figure2.1.2.5: ADS-B Position Reference Point

Note: The accuracy of the location of the ADS-B position reference point with respect
to the body of the A/V should be included when determining the NACy code to be
transmitted from a transmitting ADS-B participant.

Altitude

Both barometric pressure altitude and geometric atitude (height above the WGS-84
ellipsoid) shall (R2.17) be reported, if available to the transmitting ADS-B subsystem.
Some applications may have to compensate if only one source is available. However,
when an A/V is operating on the airport surface, the atitude is not required to be
reported, provided that the A/V indicates that it is on the surface.

Altitude shall (R2.19) be provided with a range from -1,000 ft up to +100,000 ft. For
fixed or movable obstacles, the altitude of the highest point should be reported.

Note: In this context, a “ movable obstacle’” means an obstacle that can change its
position, but only slowly, so that its horizontal velocity may be ignored.
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Pressure Altitude

Barometric pressure atitude is the reference for vertical separation within the NAS and
ICAO airspace. Barometric pressure atitude is reported referenced to standard
temperature and pressure.

Pressure dtitude, which is currently reported by aircraft in SSR Mode C and Mode S,
will aso be transmitted in ADS-B messages and reported to client applications in SV
reports. The pressure altitude reported shall (R3.34) be derived from the same source as
the pressure atitude reported in Mode C and Mode S for aircraft with both transponder
and ADS-B.

Geometric Altitude

Geometric altitude is defined as the shortest distance from the current aircraft position to
the surface of the WGS-84 ellipsoid. It is positive for positions above the WGS-84
ellipsoid surface, and negative for positions below that surface.

Horizontal Velocity

There are two kinds of velocity information:

“Ground-referenced” or “geometric” velocity is the velocity of an A/V relative to the
earth, or to a coordinate system (such as WGS-84) that is fixed with respect to the
earth. Ground-referenced velocity is communicated in the SV report (83.4.3,
§3.4.3.8 and §3.4.3.16).

Air-referenced velocity is the velocity of an aircraft relative to the air mass through
which it is moving. Airspeed, the magnitude of the air-referenced velocity vector, is
communicated in the ARV report, 83.4.7. The ARV report also includes heading
(82.1.2.9), which is used in that report as an estimate of the direction of the air-
referenced velocity vector.

Transmitting A/Vs that are not fixed or movable obstacles shall (R2.20) provide ground-
referenced geometric horizontal velocity.

ADS-B geometric velocity information shall (R2.21) be referenced to WGS-84 [7].

Vertical Rate

Transmitting A/Vs that are not fixed or movable obstacles and that are not known to be
on the airport surface shall (R2.xx) provide vertical rate.

Note 1: In this context, a “ movable obstacle” means an obstacle that can change its
position, but only slowly, so that its horizontal velocity may be ignored.

Vertical Rate shall (R2.23) be designated as climbing or descending and shall (R2.xx) be
reported up to 32,000 feet per minute (fpm). Barometric atitude rate is defined as the
current rate of change of barometric adtitude. Likewise, geometric atitude rate isthe rate
of change of geometric altitude. At least one of the two types of vertical rate (barometric
and geometric) shall (R2.xx) be reported.
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If only one of these two types of vertical rate is reported, it shall (R2.xx) be obtained
from the best available source of vertical rate information. If differentially corrected GPS
(WAAS, LAAS, or other) is available, geometric atitude rate as derived from the GPS
source should be transmitted. If differentially corrected GPS is not available, but inertial
augmented barometric altitude rate is available, inertial augmented barometric atitude
rate will be the preferred source of altitude rate information.

Note 2: Future versions of this MASPS are expected to include requirements on the
accuracy and latency of barometric altitude rate.

Note 3: Vertical rateisreported in the SV report (83.4.3) below.

Heading

Heading indicates the orientation of an A/V, that is, the direction in which the nose of
the aircraft is pointing. Heading is described as an angle measured clockwise from true
north or magnetic north. The heading reference direction (true north or magnetic north)
is conveyed in the Mode-Status report (83.4.4).

Heading occurs not only in the SV report (83.4.3) for participants on the airport surface,
but also in the ARV report (83.4.7) for airborne participants.

Capability Class (CC) Codes

Capahility class codes are used to indicate the capability of a participant to support
engagement in various operations. Known specific capability class codes are listed
below. However, thisis not an exhaustive set and provision should be made for future
expansion of available class codes, including appropriate combinations thereof.

CDTI based traffic display capability (83.4.4.9.1)
TCAS/ACAS installed and operational (83.4.4.9.2)
Service Level of the transmitting A/V (83.4.4.9.3)
ARV capability (83.4.4.9.4)
TS report capability (83.4.4.9.5)
TC report capability level (83.4.4.9.6)
Other capahilities, to be defined in later versions of this MASPS
Note:  Capability Class (CC) codes are conveyed in the MSreport (83.4.4 below).

Operational Mode (OM) Codes

Operationa Mode (OM) codes are used to indicate the current operational mode of
transmitting ADS-B participants. Specific operational mode codes are listed below.
However, thisis not an exhaustive set and provision should be made for future expansion
of available OM codes, including appropriate combinations thereof.
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TCAS/ACAS resolution advisory active (83.4.4.10.1).

IDENT switch activated flag (§3.4.4.10.2)

Using ATC services (§3.4.4.10.3)

Other operational modes, to be defined in later versions of this MASPS.

Navigation Integrity Category

The Navigation Integrity Category (NIC) is reported so that surveillance applications
may determine whether the reported position has an acceptable level of integrity for the
intended use. The NIC parameter described in this subsection is intimately associated
with the SIL (Surveillance Integrity Level) parameter described in §2.1.2.15 below. The
NIC parameter specifies an integrity containment radius, Rc. The SIL parameter
specifies the probability of the true position lying outside that containment radius
without alerting, including the effects of the airborne equipment condition, which
airborne equipment isin use, and which external signals are used.

Note: “NIC” and “NACy" as used in the current version (DO-242A) of this MASPS
replace the earlier term, “NUCy", used in the first edition (DO-242) of this
MASPS

The Navigation Integrity Category is reported in the State Vector (SV) report (83.4.3
below).

Table 2.1.2.12 defines the navigation integrity categories that transmitting ADS-B
participants shall (R2.xxx) use to describe the integrity containment radius, Rc,
associated with the horizontal position information in ADS-B messages from those
participants.

Table2.1.2.12: Navigation Integrity Categories (NIC).

Horizontal and Vertical
NIC .
(Notes 1, 2) Containment Comment Notes
Bounds

0 Rc 3 37.04 km (20 NM) Unknown Integrity

1 Rc < 37.04 km (20 NM) RNP-10 containment radius 6
2 Rc < 14.816 km (8 NM) RNP-4 containment radius 3,6
3 Rc < 7.408 km (4 NM) RNP-2 containment radius 6
4 Rc < 3.704 km (2 NM) RNP-1 containment radius 6
5 Rc <1852 m (1 NM) RNP-0.5 containment radius 6
6 Rc <1111.2 m (0.6 NM) RNP-0.3 containment radius 6
7 Rc <370.4 m (0.2 NM) RNP-0.1 containment radius 6
8 Rc <185.2 m (0.1 NM) RNP-0.05 containment radius 6
9 Rc<75mand VPL <[112m] | e.g., WAASHPL, VPL 4,5
10 Rc<25mand VPL <[375m] | eg., WAASHPL, VPL 4,5
11 RC<75mandVPL<[11m] | eg., LAASHPL,VPL 4,5

Notes for Table 2.1.2.12:
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1. NIC is reported by an aircraft because there will not be a uniform level of
navigation equipage among all users. Although GNSSis intended to be the primary
source of navigation data used to report ADS-B horizontal position, it is anticipated
that during initial uses of ADSB or during temporary GNSS outages an alternate
source of navigation data may be used by the transmitting A/V for ADS-B position
information. The integration of alternate navigation sources is a function that must
be performed by a navigation set that is certified to use multiple sources, which then
is responsible for supplying the corresponding integrity containment radius (e.g..,
HPL). Itisimportant to point out that thisis not a function that can be performed by
the ADS-B equipment.

2. “NIC” in this column corresponds to “ NUCy” of Table 2-1(a) in the first version of
this MASPS, DO-242, dated February 19, 1998.

3. The containment radius for NIC = 2 has been changed (from the corresponding
radius for NUCp = 2 in the first edition of this MASPS) so as to correspond to the
RNP-4 RNAV limit of DO-236A, rather than the RNP-5 limit of the earlier DO-236.
Thisis because RNP-5 is not a recognized |CAO standard RNP value.

4. HPL may be used to represent RC for GNSS sensors.
5. If geometric altitude is not being reported than the VPL tests are not assessed.

6. RNP containment integrity refers to total system error containment including
sources other than sensor error, where as horizontal containment for NIC only
refersto sensor position error containment.

It isrecommended that the coded representations of NIC should be such that:

(8 Equipment that conforms to the current version of this MASPS (“version 1"
equipment) will recognize the equivalent NUCpy codes from the first edition of this
MASPS, and

(b) Equipment that conforms to the initial, DO-242, edition of this MASPS (“version 0"
equipment) will treat the coded representations of NIC coming from version 1 equipment
as if they were the corresponding “NUC," values from the initial, DO-242, version of
thisMASPS.

Navigation Accuracy Category for Position (NACp)

The Navigation Accuracy Category for Position (NACy) is reported so that surveillance
applications may determine whether the reported position has an acceptable level of
accuracy for the intended use.

Table 2.1.2.13 defines the navigation accuracy categories that shall (R2.xxx) be used to
describe the accuracy of positional information in ADS-B messages from transmitting
ADS-B participants.

Notes:
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1. “NIC" and “NACy" as used in this MASPS replace the earlier term, “ NUCy” , used
intheinitial, DO-242, edition of this MASPS.

2. The Estimated Position Uncertainty (EPU) used in Table 2.1.2.13 is a 95% accuracy
bound on horizontal position. EPU is defined as the radius of a circle, centered on
the reported position, such that the probability of the actual position being outside
the circle is 0.05. When reported by a GPS or GNSS system, EPU is commonly
called HFOM (Horizontal Figure of Merit).

3. Likewise, Vertical Estimated Position Uncertainty (VEPU) is a 95% accuracy limit
on the vertical position. VEPU is defined as a vertical position limit, such that the
probability of the actual vertical position differing from the reported vertical
position by more than that limit is 0.05. When reported by a GPS or GNSS system,
VEPU is commonly called VFOM (Vertical Figure of Merit).

4. The EPU limit for NACp = 2 has been changed (from the corresponding limit for
NUC: = 2inthefirst edition of this MASPS) so as to correspond to the RNP-4 RNAV
limt of DO-236A, rather than the RNP-5 limit of the earlier DO-236. This is
because RNP-5 is not an ICAO standard RNP value.

Table2.1.2.13: Navigation Accuracy Categoriesfor Position (NACp).

95% Horizontal and Vertical Accura
NACe Bounds (EPU and VEPU) %" | Comment Notes

0 EPU 3 18.52 km (10 NM) Unknown accuracy

1 EPU < 18.52 km (10 NM) RNP-10 accuracy 1
2 EPU < 7.408 km (4 NM) RNP-4 accuracy 1
3 EPU < 3.704 km (2 NM) RNP-2 accuracy 1
4 EPU < 1852 m (INM) RNP-1 accuracy 1
5 EPU < 926 m (0.5 NM) RNP-0.5 accuracy 1
6 EPU < 555.6 m (0.3 NM) RNP-0.3 accuracy 1
7 EPU < 185.2 m (0.1 NM) RNP-0.1 accuracy 1
8 EPU < 92.6 m (0.05 NM) e.g., GPS (with SA) 1
9 EPU <30 mand VEPU <45m e.g., GPS (SA off) 2
10 EPU <10mand VEPU <15m eg., WAAS 2
11 EPU<3mand VEPU <4m eg., LAAS 2

Notes for Table 2.1.2.13:

1. RNP accuracy includes error sources other than sensor error, whereas horizontal
error for NACr only refersto horizontal position error uncertainty.

2. If geometric altitude is not being reported than the VEPU tests are not assessed.
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Navigation Accuracy Category for Velocity (NACy)

The velocity accuracy category of the least accurate velocity component being supplied
by the reporting A/V's source of velocity data shall (R2.27) be as indicated in Table
2.1.2.14.

Notes:

1. NAC, isanother name for the parameter that was called NUCx in the initial (DO-
242) version of this MASPS,

2. Navigation sources, such as GNSS and inertial navigation systems, provide a direct
measure of velocity which can be significantly better than that which could be
obtained by position differences.

Table 2.1.2.14: Navigation Accuracy Categoriesfor Veocity (NACy).

NAC, Horizontal Velocity Error Vertical Geometric Velocity Error
(95%) (95%)
Unknown

0 Unknownor # 10 m/s or 3 50 feet (15.24 m) per second
1 <10 m/s < 50 feet (15.24 m) per second

2 <3m/s < 15 feet (4.57 m) per second

3 <1lm/s < 5feet (1.52 m) per second

4 <0.3m/s < 1.5 feet (0.46 m) per second

Notes for Table 2.1.2.14:

1. When an inertial navigation system is used as the source of velocity information,
error in velocity with respect to the earth (or to the WGS-84 ellipsoid used to
represent the earth) isreflected in the NACV value.

2. When any component of velocity is flagged as not available the value of NAC, will
apply to the other components that are supplied.

Surveillance Integrity Level (SIL)

The Surveillance Integrity Level (SIL) defines the probability of the integrity
containment radius used in the NIC parameter (§2.1.2.12 above) being exceeded, without
alerting, including the effects of the airborne equipment condition, which airborne
equipment is in use, and which external signals are used by the navigation source. The
Surveillance Integrity Limit encoding shall (R2.xxx) be asindicated in Table 2.1.2.15.

Note: Itisassumed that SIL is a static (unchanging) value that depends on the position
sensor being used. Thus, for example, if an ADSB participant reports a NIC
code of O because four or fewer satellites are available for a GPS fix, there
would be no need to change the SIL code until a different navigation source
were selected for the positions being reported in the SV report. <<Thanks to
Tom Mosher for posing this question in an e-mail to Jim Maynard.>>
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2.1.2.16

21.2.17

2.1.2.18

Table2.1.2.15: SurveillanceIntegrity Level (SIL) Encoding.

Probability of Exceeding the Rc
SIL Integrity Containment Radius Comment
Without Detection

0 Unknown “No Hazard Level” Navigation Source
1 1 10° “Minor Hazard Level”

per flight hour or per operation Navigation Source
2 1 10° “Major Hazard Level”

per flight hour or per operation Navigation Source
3 1 107 “Severe Major Hazard Level”

per flight hour or per operation Navigation Source

Barometric Altitude Quality Code (BAQ)

The Barometric Altitude Quality Code, BAQ, is a 2-hit field which shall be ZERO for
equipment that conforms to this version (DO-242A) of the ADS-B MASPS.

Notes:

1. Non-zero values of the barometric altitude accuracy code will be defined in future
versions of this MASPS One proposed encoding is given in Table 2.1.2.16;
however, it is not certain that this encoding will be the one specified in future
versions of this MASPS

Table2.1.2.16: Possible Future Encoding for Barometric Altitude Quality.
BAQ Meaning

0 Barometric altitude not certified for IFR use
1 Barometric altitude with 100 feet resolution
2 Barometric altitude with 25 feet resolution

3 Barometric altitude meets RVSM requirements

2. BAQ, the barometric altitude accuracy code, is reported in the Mode-Status report
(83.4.4.14 below).

Barometric Altitude Integrity Code (NI Cpzro)

The Barometric Altitude Integrity Code, NICpao, is a one-bit flag that indicates whether
or not the barometric pressure atitude provided in the State Vector Report has been
cross-checked against another source of pressure atitude.

Note:  NICyq0, the barometric altitude integrity code, is reported in the Mode-Satus
report (83.4.4).

Emergency/Priority Status

The ADS-B system shall (R2.28) be capable of supporting broadcast of emergency and
priority status. Emergency/priority status is reported in the MS report (83.4.4 and
§3.4.4.8 below).
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Intent Information

Note: Persons familiar with the first (DO-242) edition of this MASPS are urged to
study the definitions presented here. The terminology has been refined — and
changed — from that used in the first edition of the MASPS.

The reason for considering broadcast of intent information in ADS-B systems is to
extend the domain of predictability of aircraft trajectories beyond short-term
extrapolations using current aircraft position and velocity states. Many applications of
ADS-B currently under consideration could require intent information to extend look-
ahead time for trgjectory predictions beyond the current flight segment, or as a means of
enhancing integrity of extrapolated path predictions. Proposed air-air applications of
intent information include airborne separation planning where more than a few minutes
look-ahead time is desirable for conflict detection and conflict prevention, and conflict
resolution, where b